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ABSTRACT

Relationship between Diet Quality and Cardiovascular Risk among
Middle-Aged West Virginians

Paige Starrett

Background
Cardiovascular disease is prevalent in the United States and West Virginians have the highest
rates of many CVD risk factors; however, limited research on the relationship between diet
quality and risk factors exists in this high risk middle-aged (45-64 years old) population.
Objective
The objective of this study was to assess the diet quality of middle-aged West Virginians and to
determine the associations between diet quality, body mass index, lifestyle factors, health-related
quality of life and cardiovascular risk.
Design
Cross sectional study, convenience sample.
Participants/Setting
Data were collected from 96 participants aged 45-64 years old residing in North Central West
Virginia. Data were obtained from a survey consisting of questions to assess demographic,
physical activity, sleep, health-related quality of life, and CVD risk; an in-person data collection
session in which anthropometric data, blood pressure and blood for clinical analysis were

collected; and 3-day 24-hour diet recalls. The diet recalls were conducted within 2-3 weeks of
the in-person collection session.
Main Outcome Measures
Diet quality, measured by the Healthy Eating Index-2010, and CVD risk (10-Year CVD Risk
Calculator and the Life’s Simple 7) were assessed. Additional variables that were included are:
anthropometry, body composition, physical activity, sleep and health-related quality of life.
Statistical Analysis
Simple linear and multiple regression models were used to identify the relationships between
main outcome measures after adjusting for confounding variables.
Results
Diet quality was not related to cardiovascular risk based on Life’s Simple 7 scores or the 10-Year
CVD Risk Calculator after adjusting for confounding factors. Women had higher diet quality
scores and lower CVD risk scores than men. Additionally, older participants had better diet
quality than younger participants.
Conclusion
Better understanding dietary intakes and risk factors of CVD can be used to develop dietary
interventions that target increasing fruits and vegetables and reducing high-sodium foods to
improve diet quality among middle-aged adults in WV.
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CHAPTER 1: INTRODUCTION
Cardiovascular disease (CVD) is the leading cause of death worldwide with 17.3 million
deaths per year. By 2030, the death rate is projected to reach 23.6 million.1 Approximately
600,000 deaths in the United States (U.S.) are due to heart disease.2 With CVD responsible for
such a high mortality rate, a solution to decrease the rate of the disease is imperative. Some
lifestyle choices and health conditions are considered risk factors for CVD. The American Heart
Association (AHA) developed 2020 Impact Goals for the population stating that by 2020,
cardiovascular health will be improved in all Americans by 20% while reducing deaths from
cardiovascular diseases and stroke by 20%.3 Ideal cardiovascular health is defined by being a
non-smoker, having a body mass index <25 kg/m2, meeting physical activity requirements,
consuming a diet that adheres to the Dietary Guidelines for Americans (DGA), and having a total
cholesterol <200 mg/dL achieved without medication, a blood pressure <120/80 mm Hg
achieved without medication, and a fasting blood glucose <100 mg/dL.3 The risk for CVD
increases with the seriousness of these health factors along with the number that are not present.4
West Virginia (WV) has a higher prevalence of CVD risk factors than the national
average. In fact, WV has the highest rates of hypertension and diabetes in the nation with 41.0%
and 14.1% respectively.5 Obesity is also prevalent in the state, with more than 35% of adults
being obese in 2014.6 When combined with those who are overweight, the number reaches
69.6% which is higher than the nation average of 64.1% .7
Middle-aged adults (45-64 years old) are approaching old age with more CVD risk
factors than previous generations.8 Middle-aged adults need to implement healthier behaviors
early to decrease the rate of CVD and mortality.9 In the U.S. middle-aged adults have the highest
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rates of obesity (40.2%), an important contributor to CVD, when compared to younger
adults(39.7.3%) and older adults(30.8%).5
One of the primary prevention strategies for ideal cardiovascular health is improving diet
quality.3 The DGA outlines the foods and nutrients important for maintaining good health
including cardiovascular health.3,10 Increasing consumption of fruits and vegetables decreases the
risk of coronary heart disease (CHD).11 Similarly, consuming higher amounts of whole grains
has been associated with lower risk of myocardial infarction.12 The DASH diet promotes a diet
high in potassium, calcium, magnesium, dietary fiber, protein as well as low in sodium and
saturated and trans fats. This diet pattern has been shown to lower blood pressure and LDLcholesterol levels thus reducing CVD risk.13 Among middle-aged adults not practicing any
healthy lifestyle behaviors, adopting a healthier diet is the most common lifestyle change
implemented.9
Considering WV has one of the highest rates of risk factors for CVD in the nation, there
is a need for immediate intervention. Middle-aged adults had particularly unhealthy behaviors
and poorer health conditions compared with other age groups. Suboptimal health in middle-aged
adults can lead to many complications individually and state wide. WV has a higher percentage
of middle-aged adults than the national average.14,15 With a large portion of the population
entering old age, WV will encounter an increase in incidences of chronic diseases. Diet quality
needs to be assessed to identify the present dietary inadequacies in high risk populations, such as
WV. It is important for diet quality, as well as other lifestyle modifications related to CVD, to be
examined in middle-aged adults to discover treatments, improve interventions, and develop
preventive measures.
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The purpose of this study was to assess the diet quality of middle-aged West Virginians
and to determine the associations between diet quality, body mass index, lifestyle factors, healthrelated quality of life and cardiovascular risk in middle-aged adults.
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CHAPTER 2: REVIEW OF LITERATURE
The primary purpose of this narrative literature review is to investigate what is known
about diet quality and cardiovascular health.
Cardiovascular Health
Life’s Simple 7
Life’s Simple 7 (LS7) was developed by the AHA to assess cardiovascular health using 7
components: blood pressure, serum cholesterol, blood sugar, physical activity, diet, body mass
index (BMI), and smoking status.3 Total scores are classified as either poor, intermediate, or
ideal to identify the status of cardiovascular health. Previously, LS7 measures were used to
evaluate if lower lifetime risk of heart failure in middle-aged adults (45-64 years old) predicted a
greater protection of cardiac structure and function later in life. The Atherosclerosis Risk in
Communities (ARIC) collected baseline data from 1987-1989 and final data in 2011-2013
(n=13,462). At the last visit, an echocardiography was performed to identify left ventricular
hypertrophy and diastolic dysfunction. Participants with CHD, plaque accumulation in the
coronary arteries, at baseline or an incident myocardial infarction during the duration of the
study were excluded.16 The lifetime risk was 21.3% through the age of 85 years old. When
examining the entire sample, 7% were categorized as “inadequate,” 65% “average,” and 28%
“optimal”. Racial differences were seen in the lifetime heart failure risk. Participants who were
white had the average lifetime risk of 23.9% while African Americans had a higher average of
30.6%. Middle-aged participants who received an optimal score were 40% less likely than those
who received an inadequate score to have the presence of left ventricular hypertrophy. Similarly,
middle-aged participants who received an optimal score (16.2%) compared to those who
received an inadequate score (27.1%) were less likely to have diastolic dysfunction. The middle-
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aged participants who had a score of 4 or greater on the ideal health components at baseline had
less than one-third the heart failure incidence rate seen in participants who possessed no ideal
components. In conclusion, this study found that the LS7 score was significantly inversely
associated with incidence and lifetime risk of heart failure.17
National Health and Nutrition Examination Survey (NHANES) 2003-2008 data were
used to determine the cardiovascular health in U.S. adults (n=14,515). The sample was separated
into three age groups; young (20-39 years), middle (40-64 years), and older (65 years and older).
In terms of CVD risk, most participants met the ideal smoking status and two-thirds of middle
and older aged adults were overweight or obese. Furthermore, the older age group had poorer
physical activity levels and fewer women achieved ideal in physical activity. Using the Healthy
Diet Score to measure diet quality, the category with the highest adherence was sugar-sweetened
beverages and the category with the lowest adherence was sodium and whole grains. Men
specifically had better adherence to the fish category, but worse adherence to sodium and fruit
and vegetable categories compared to women. Older women had a lower prevalence of ideal
blood pressure and total cholesterol, but a higher prevalence of ideal fasting blood glucose
compared to men. The proportion of adults reporting treatment for these health conditions
increased as age increased. Most middle-aged men had between 2 to 3 ideal cardiovascular
health components, while most middle-aged women had approximately 3 ideal components.18
Cardiovascular health also varies by state. A study investigating the status of adult’s
cardiovascular health in each state was conducted using 2009 Behavioral Risk Factor
Surveillance System (BRFSS) (n=356,441). This data was used to supply the LS7 components
across the U.S. Only 3.3% of the total population had ideal cardiovascular health and 9.9% had
poor cardiovascular health with the remaining participants falling somewhere in between. In
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contrast to the study conducted by Shay et al., women reported better cardiovascular health in
every category when compared to men. Similar to Shay et al. study, older adults had lower
prevalence of ideal cardiovascular health and a higher prevalence of poor cardiovascular health
than younger adults. Higher scores were associated with higher educational levels. Only 1.5% of
West Virginians achieved “ideal” on all 7 sections compared to the 6.9% of those living in the
District of Columbia. The lowest mean cardiovascular health score was 4.0 in both WV and
Mississippi; the highest mean score was 4.7 in Colorado and the District of Columbia. WV also
had the highest percentage (16.2%) of individuals in the “poor” cardiovascular health category
while Colorado had the lowest ( 6.7%).19 LS7 is used to compare different populations, but it has
also been used to show the progression of cardiovascular health over time.
LS7 has been used to assess cardiovascular health in specific populations. Djoussé et al.
examined the progression of CVD risk factors among African Americans using the ideal LS7.
The data for this prospective cohort study was collected from 2000 to 2013 (n=5,301). The
percentage of the participants meeting the “ideal” levels for each of the 7 components were:
smoking (88.0%), fasting plasma glucose (45.3%), cholesterol (45.2%), physical activity
(19.3%), blood pressure (17.8%), BMI (13.7%), and healthy diet (0.9%). Diet quality was
particularly poor especially when examining sodium and whole grain intake. Fewer components
were rated as “ideal” as participants’ age increased. The occurrence of “ideal” ratings for serum
cholesterol and fasting plasma glucose decreased between visits. This was also true for BMI, but
only among participants younger than 40 years of age. Ideal physical activity increased among
those older than 40 years of age. No change was observed in ideal blood pressure.20 LS7 is a
widely used measure of cardiovascular health but other markers of cardiovascular risk have also
been developed.
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CVD Risk Calculator
In 2013, the AHA and the American College of Cardiology (ACC) developed the
cardiovascular risk calculator to identify an individual’s risk of having a first hard atherosclerotic
cardiovascular disease (ASCVD) event (i.e. heart attack or stroke) in the next 10-years based on
a risk prediction algorithm.21 This tool was developed so that primary care clinicians could
recognize a patient that is at risk for CVD and use the results to guide recommendations for
lifestyle modifications and statin therapy if the risk exceeds 7.5% (high risk). Risk scores are
calculated based on age, sex, race, total cholesterol, HDL cholesterol, systolic blood pressure,
hypertensive medication use, diabetes status, and smoking status.21 There are a few differences
between LS7 and the CVD risk calculator. LS7 includes actual blood glucose level while the risk
calculator asks about diabetes status. The CVD risk calculator takes into account the sex and race
of the individual, the LS7 does not. Similar to LS7, the risk calculator includes cholesterol;
however, this assessment method doesn’t factor in important lifestyle behaviors such as diet,
physical activity, or BMI.
There has been some controversy pertaining to the accuracy of the ASCVD risk score.
Some studies conclude that the ASCVD risk calculator overestimates CVD risk compared to
previous studies. DeFilippis et al. compared the ASCVD risk score with other risk scores
including: Framingham Risk Score- Coronary Heart Disease (FRS-CHD), Framingham Risk
Score-Cardiovascular Disease (FRS-CVD), Adult Treatment Panel III-Framingham Risk ScoreCoronary Heart Disease (ATPIII-FRS-CHD), and Reynolds Risk Score (RRS) in relation to
calibration and discrimination. This multicenter prospective community-based epidemiologic
study (MESA) recruited participants aged 45 to 84 years with no clinical diagnosis of CVD from
2000 to 2002 (n=4,227). To measure the CVD risk score methods, the participants had a follow-
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up after approximately 10 years. The results showed that all methods overestimated
cardiovascular events in men: FRS-CHD (53%), FRS-CVD (37%), ATPIII-FRS-CHD (154%),
and AHA-ACC-ASCVD (86%) and women; FRS-CHD (48%), FRS-CVD (8%), ATPIII-FRSCHD (46%), and AHA-ACC-ASCVD (67%). With the current recommendation of
pharmaceutical treatment with a risk score exceeding 7.5%, examining this precision is essential.
Those with ASCVD risk score of 7.5% to 10% had a true event rate of 3% for men and 5.1% for
women.22 This discovery is substantial and needs to be noted when using the AHA-ACCASCVD to assess the risk of having a cardiovascular event. This is especially important for
doctors who use the tool as guidance for prescribing medication.
A study was conducted to investigate the reason for overestimation and decide if it could
be due to the use of statins over time, coronary revascularization procedures, or under reported
cardiovascular events. Data were collected from the Women's Health Study (WHS) which
included women aged 45-79 who were CVD free (n=27,542). The baseline assessment was
conducted form 1992-1995 and the follow up was approximately 10 years later. The average 10year risk score of the population was 3.6%. The <5% category encompassed 79% of women. The
average rate predicted was 3.6% while the true event rate was 2.2%. Continuing the trend of over
estimation, those with risk < 7.5% were given predicted rates 90% higher than actual rates.
Likewise, those with risk ≥ 7.5% were given predicted rates 40% higher than actual rates. This
would indicate that observed rates after 10 years would need to be 60% higher compared with
the predicted risks that were calculated. Overall, only 1% of participants had revascularization
procedures done. Usage of cholesterol medication increased from approximately 3% at baseline
to 22% at year 10. However after calculating for the confounding factors, the average annual
proportion using statins would need to be 40% to explain the overestimation.23 According to the
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findings, statin use and revascularization procedures may contribute to the increased risk scores
but does not explain the entirety of the inconsistency.
Diet quality and CVD Risk
Nutrition plays a vital role in preventing and treating chronic conditions, such as CVD.
Increasing the consumption of saturated fats and sodium and decreasing the consumption of
fruits and vegetables is associated with higher incidences of cardiovascular disease.24 The
ACC/AHA Lifestyle Management Guideline suggests a diet that higher in vegetables, fruits, and
whole grains; moderate intake of low-fat dairy products, poultry, fish, legumes, non-tropical
vegetables oils, and nuts; and lower in intake of sweets, sugar-sweetened beverages and red
meats.25
Georgousopoulou et al. investigated whether of a diet quality measure increases a CVD
risk prediction model using data from the ATTICA study. The Mediterranean Diet Score
(MedDietScore) was used to assess diet quality and the HellenicSCORE was used to calculate a
10-risk for developing a CVD event. The HellenicSCORE predicts of heart disease risk based on
age, gender, smoking habits, systolic blood pressure and total cholesterol. When the
MedDietScore was modeled with the HellenicSCORE in analyses, the predicted CVD risk model
was improved (p<0.001). MedDietScore also improved the reclassification rate by 56%. These
findings demonstrate the importance of diet quality when predicting CVD risk.26 Other studies
try to determine if certain components of the diet may be particularly important in predicting
future health status.
Hung et al. investigated if fruit and vegetable intake affected incidences of cardiovascular
disease and cancer. Females were from the Nurses’ Health study (n=71,910) and men were form
the Health Professionals’ Follow-up Study (n=37,725). Two prospective cohorts that were free of
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chronic diseases were given questionnaire that included questions about food frequency, lifestyle
choices, and medical history at baseline. Follow-ups were completed to assess any changes in
status of chronic diseases and other baseline variables. The results showed that increased fruit
and vegetable consumption was inversely correlated to CVD (RR=0.70; P = 0.0003).27 The
strongest inverse relationship was between leafy green vegetables and CVD.27 This study
showed an association between the consumption of fruit and vegetables with lower incidences of
CVD.
Another study examined the influence of changing diet scores on the short-term and longterm risk for CVD in two cohorts: men from the Health Professionals Follow-up Study
(n=29,343) and women from the Nurses’ Health Study (n=51,195). Questionnaires on topics
concerning medical history, lifestyle behaviors, and health information were given. Responses
were analyzed using the Alternative Healthy Eating Index (AHEI-2010), the Alternative
Mediterranean Diet score (aMED), and the Dietary Approach to Stop Hypertension (DASH).
After a 4-year period, improvements in diet quality of 11% to 22% were shown to lower CVD
risk by 7%-8% compared to individuals who make no change to their diet quality.29 From
baseline to year 4, those who started with the poorest diet quality scores and made the largest
improvements had a 15% lower CVD risk compared to those who had the lowest adherence to
diet scores.29 This showed that diet quality significantly influences CVD risk.
In a similar study, Reedy et al. researched the relationship between diets, using the
following diet assessment methods: Healthy Eating Index–2010 (HEI-2010), AHEI-2010,
aMED, and DASH, and all-cause, cardiovascular disease, and cancer mortality. This study used
data collected from the NIH-AARP Diet and Health Study, a prospective cohort (n=492,823).
Participants were between the ages of 50 and 71 residing in 6 different states. The scores were
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formulated from a 124-item food-frequency questionnaire. There were comparable results across
all 4 diet assessment methods. Men and women had a 12% to 28% decreased risk of all-cause,
CVD, and cancer mortality when comparing those receiving top scores to those receiving low
scores.30 These findings, similar to the previous study, support that diet quality influences CVD
risk.
Multiple lifestyle factors influence CVD, along with diet. Hulsegge et al. conducted a
prospective cohort over 5 years, with an 8 to15 years of follow-up, that investigated the changes
in lifestyle factors on CVD and all-cause mortality risk (n=5,263). Lifestyle factors, including
diet, physical activity, cigarette smoking, and alcohol consumption, were self-reported. Diet
quality was evaluated from a validated 178-item semi-quantitative food frequency questionnaire.
A 57% to 60% lower risk of CVD with a hazard ratio (HR) of 0.43 was observed in participants
who maintained a healthy lifestyle profile over the 5-year period compared to those who
maintained an unhealthy lifestyle. Each healthy lifestyle factor lost from baseline to follow-up
increased the risk of CVD to 35%, however it was not significant.31 A 48% lower risk of CVD
accompanied the transition from the classification of obesity to the classification of
overweight/normal weight compared to remaining obese for an extended period of time. The
study results concluded that the factors collected can increase an individual’s susceptibility to
CVD.
Thomson et al. used the Healthy Eating Index-2005 (HEI-2005) to evaluate the diet
quality in the Lower Mississippi Delta region, a high-risk population similar to WV. The diets
were collected using a 24-hour diet recall. The results showed differences between demographic
groups (sex, race, age, income level, and education level) in the area. The top five dietary
sources in each pre-determined food category, accessed from the HEI-2005, were ranked
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differently between these different groups. Among the groups, race and income seem to have less
of an effect on dietary choices compared to age. The age of 60 and above had a statistically
significant higher score than the younger age groups.32 The cross-sectional telephone survey
targets the problematic eating habits among the population. The data collected allow for the
identification of the greatest contribution of energy across all demographics from the category
solid fats, alcoholic beverages and added sugars, as soft drinks. Salty snacks were also seen as a
top selection in total and whole grains category which could be the culprit of the high sodium
intake32. These findings promote a better understanding on how to create cultural messaging for
healthier eating in this diverse region.
Measures of Overall Diet Quality
The DGA is released every five years to advise the public on a healthy diet. The Healthy
Eating Index-2010 (HEI-2010) measures the adherence to the DGA by scoring an individual’s
diet quality from 1-100 (100 indicating completely fulfilling the DGA). Wilson et al. analyzed
Americans average diet quality using the HEI-2010 as well as implemented goals for the year
2020. Data based on from the NHANES was collected from the national dietary intake
surveillance data in 1999-2000 to 2011-2012. The mean intake for Americans based on the total
score was 49 in 1999-2000 and increased to 59 in 2011-2012. This shows that the diet quality is
increasing in America; however, if the increasing trend continues, it is not great enough to reach
the goal of 74 by 2020.33
Demographics could also affect diet quality. Hiza et al. (2013) conducted a study to
evaluate the effect of sociodemographic characteristics on diet. The 2003-2004 NHANES was
used to collect diet related data to calculate a score using the HEI-2005 in children 2 to 17 years
old (n=3,286), young and middle-aged adults 18 to 64 years old (n=3,690), and older adults 65
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years and older (n=1,296). When comparing adults, participants 75 years and older had the
highest total score. Furthermore, participants aged 55 to 64 years had higher total scores
compared to the younger adult groups. Higher scores were seen in women compared to men.
Adults in the highest income group had higher total scores compared to the lowest income group.
The same trend was observed with education.34 When addressing the problem of poor diet
quality, differences in demographics must be considered.
The cost of food is a barrier to healthy eating that is commonly reported by individuals.
Rehm et al. evaluated the relationship between cost (using a national food price database) and
diet quality (measured using the HEI-2010). This was a cross sectional analysis of NHANES
data from 2007–2008 and 2009–2010 for adults over 19 years of age (n=11,181). There is a
positive linear association between higher diet quality scores and higher diet cost among all race
and ethnicity groups. They also saw a difference in mean scores between men and women.
Women tended to have higher diet quality scores than men (p < 0.001). Diet quality scores
increased with age indicating older adults have diets that adhere better to the DG than younger
adults.35 These findings illustrate that economic status can pose a restriction on healthy food
purchases.
A dietary screening tool for rural older adults was developed to evaluate the diet and
overall health of individuals. Bailey et al. developed a tool to assess the nutritional risk in older
adults. In a cross-sectional study, 204 older adults were assessed by having an in-person
interview as well as biochemical measures taken. Diet recalls were performed using the
University of Minnesota’s Nutrition Data System for Research software which allows the
collection of an individual’s diet and dietary supplement information. Two dietary patterns were
discovered from the principle component analysis. The first being a “healthy” diet which
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contained fruits, vegetables, lean white meat, dairy, and whole grain products and was negatively
associated with fried fish. It was also correlated with increased intakes of niacin, β-carotene, n-3
fatty acids, fiber, protein, and potassium as well as decreased sodium and fat intake. The second
is known as the “western” diet which encompassed sweets and candy, processed meats, and salty
snacks and negatively associated with breakfast juices. It was also correlated with increased
intakes of added sugars and decreased micronutrients, fiber, and protein. Along with a higher
diet quality, the sensible diet was associated with higher HDL cholesterol, lower triglycerides, a
smaller waist circumference, and a higher incidence of physical activity. Lower serum vitamin
B-12 levels were reported in the Western diet.36 This tool gives the advantage of classifying
older adults in a risk level in a clinical setting so the appropriate measures can be taken. Older
individuals are not the only subgroup that requires a unique dietary screening method to assess
their diet.
Risk Factors for CVD
CVD Risk Factors
The demographics of a population, sleep quality, physical activity level, and healthrelated quality of life all have been related to CVD. Various factors can have influence diet
quality along with age. Healthy lifestyle choices of individuals can dictate health status later in
life. King et al. investigated whether implementing healthy lifestyles including, 5 or more fruits
and vegetables daily, regular exercise, BMI 18.5-29.9 kg/m2, and smoking status would reduce
CVD and mortality. A cohort study was conducted with 45-64 year olds using the
Atherosclerosis Risk in Communities survey (n=15,708). After the initial visit, participants were
subjected to a follow-up every 3 years for a total of 4 visits. At the first visit, those who had
significantly unhealthier lifestyles were 45-54 years, men, African-American, and individuals
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with histories of hypertension or diabetes. Those who had less than college education or family
annual incomes less than $35,000 were also less more likely to have an unhealthy lifestyle. Of
the individuals who adopted a healthy lifestyle, 78% switched to a healthy diet. Those who were
most likely to adopt an overall healthier lifestyle were older, female, with a college education,
with family annual incomes greater than $35,000, or with no history of hypertension. Those who
adopted all 4 healthy lifestyle choices were less likely to have a CVD event (p<0.001) and death
(p=0.009) than those who adopted 3 or fewer. After adjusting for demographics, socioeconomic
status, and disease history, it was found that over the 4 year period those who lead a healthy
lifestyle had a 35% relative risk reduction of CVD events than those who did not participate in
all 4 healthy lifestyle choices.9 The chance of a CVD event is associated with an individual’s
lifestyle choices, but financial circumstances can create a barrier to healthy eating.
Obesity
Obesity has been associated with CVD and its risk factors. A study conducted over a 22year period examined the trajectories of change in BMI and other CVD risk factors before a
CVD diagnosis. The Rotterdam Study, a prospective population-based study conducted from
1989 to 1993, recruited individuals over 54 years old and conducted clinical examinations every
4 years (n=6,126). At the conclusion of the study, 3 distinct BMI trajectories were established;
stable weight, progressive weight gain, and progressive weight loss as well as incidence of CVD.
The stable weight group had the average BMI of 25.6 kg/m2. The progressive weight gain group
had the mean BMI of 26. kg/m2 at baseline and then increased to the obesity category (≥ 30
kg/m2) throughout the duration of the study. The progressive weight loss group was in the
obesity category at baseline and decreased weight to the normal range throughout the duration of
the study. In the CVD-free group, the average BMI remained stable and ranged from 25.0 to 25.9
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kg/m2. As for waist circumference, it trajectories followed the same trend as BMI in the
progressive weight loss and progressive weight gain groups, but in the stable weight group it was
observed that mean waist circumference increased at the follow up visit. In the CVD-free group,
the mean waist circumference decreased. The 10-year predicted risk of CVD was also used in
this study. The predicted risk increased in all 3 groups at follow-up however the CVD-free group
had lower predicted risk compared to all other groups. The prediction risk was significantly
higher in the progressive weight gain group compared to the stable weight group. These findings
are not sufficient to justify BMI should be used as predictor of CVD.37
Waist circumference is also a risk factor for CVD. Data were collected from CVD free
participants from the Framingham Heart Study between 2002 and 2005 (n=3,001). Visceral
abdominal adipose tissue (VAT) and subcutaneous abdominal adipose tissue (SAT) can be a
more precise measurement of waist circumference. VAT and SAT were used to identify if there
was a correlation with metabolic risk factors such as fasting plasma glucose, total cholesterol,
high-density lipoprotein cholesterol, and triglycerides. Metabolic syndrome is a group of risk
factors that raises an individual’s risk for heart disease which makes it imperative for CVD
research.38 After adjusting for age, BMI and waist circumference were associated with SAT and
VAT measurements. Except for total cholesterol and SAT as well as physical activity and VAT
in men, most risk factors were correlated with SAT and VAT. Statistically significant residual
effect sizes for VAT were observed for all metabolic risk factors except diabetes in men. Using
stepwise linear regression among individuals of normal-weight, overweight, and obese, there was
a significant increase in the prevalence of the metabolic syndrome (age-adjusted), BMI,
hypertension, and impaired fasting glucose with VAT. These findings suggest that both VAT and
SAT are correlated with metabolic risk factors, however VAT was found to be more strongly
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correlated. 39 These results suggest that waist circumference could be an indicator of CVD and
its risk factors.
Sleep
Poor sleep quality can also influence cardiovascular health. The autonomic nervous
system includes the sympathetic and parasympathetic mechanisms which balance one another.
Low frequency (LF) is associated with both sympathetic and parasympathetic modulation while
high frequency (HF) is associated with only parasympathetic modulation.40 In a randomized
crossover study, 13 healthy men with the mean age of 31± 2 years old were subjected to a period
of regular controlled sleep (7-9.5 hours) and a period of partial sleep deprivation (3.5-5 hours).
Dettoni et al. established that partial sleep deprivation increased plasma norepinephrine levels
which increases blood pressure. They also observed an increase in LF component of blood
pressure variability, and sympathetic modulation of cardiac autonomic balance. Furthermore,
sleep deprivation decreased the parasympathetic modulation of cardiac autonomic balance. It
was also increased the LF component percent, decreased the HF component percent, and
increased the LF-to-HF ratio. After partial sleep deprivation, lower doses of phenylephrine was
needed to reach 20% constriction of the vein (p<0.01) as well as decreased in maximum venous
vasodilatation induced by acetylcholine.41 These physiological responses to sleep deprivation
could explain the association between poor sleep quality and cardiovascular health.
Sleep deprivation affects many risk factors that contribute to CVD. Anujuo et al.
investigated the relationship between sleep deprivation and CVD risk factors such as
hypertension, diabetes, obesity and lipid profile. The Healthy Life in an Urban Setting (HELIUS)
cohort was comprised of individuals 18-70 years old from several ethnic groups (South Asian
Surinamese, African Surinamese, Ghanaians, Turks, Moroccans and the Dutch) residing in the
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Netherlands. Higher rates of obesity are significantly related to sleep duration in the Dutch,
South Asian Surinamese, African Surinamese, and Turks ethnic groups (n=12,805). Sleep
deprivation was significantly associated with diabetes in African Surinamese, Turks and
Moroccan participants as well as hypertension in Dutch and Turks. In Moroccans, high total
cholesterol had a significant positive relationship with sleep deprivation. In South Asian
Surinamese, low HDL cholesterol had a positive relationship with sleep deprivation. In South
Asian Surinamese, high triglycerides had a positive relationship with sleep deprivation.42
Although poor sleep quality affects some ethnic groups differently, it seems it increases risk
factors of CVD all the same.
Physical activity and CVD
The ACC/AHA Lifestyle Management Guideline suggests adults partake in moderate- to
vigorous-intensity aerobic physical activity 3 to 4 times per week for an average of 40 minutes of
physical activity. In a prospective cohort analysis, female registered nurses 30-55 years old were
followed for 8 years to inquire about physical activity and CVD events using questionnaires
(n=72,488). Women who were physically active were more likely to be nonsmokers, leaner, had
a lower prevalence of reported hypertension, diabetes, and hypercholesterolemia, and had
utilized postmenopausal hormone-replacement therapy, multivitamin and vitamin E supplements,
and alcohol. Even after controlling for age, smoking status, BMI, and other covariates, the total
physical-activity score was inversely related to risk of CVD events when comparing quintile
groups with increasing relative risks for physical activity, and the lowest quintile group
(p=0.002). Using multivariate analyses, CVD risk was decreased by 31 % when averaging 4.0 to
6.9 hours per week spent in moderate or vigorous activity as well as 37 % when averaging 7
hours per week compared to those who averaged less than 1 hour per week (p<0.001).43 Walking
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was also shown to reduce coronary events. Those in the top two quantiles had significantly lower
risk for a CVD event compared to those in the lowest quartile.43 In women, vigorous activity in
addition to walking can reduce CVD events; however this study did not investigate these risks
for men.
The Harvard Alumni Health Study investigated physical activity effect of CHD risk in
men (n=12,516). Quality and intensity of the physical activity were extracted from
questionnaires provided from men with a mean age of age 57.7±9.0 years old. Sesso et al. found
that total activities and vigorous activities showed a relationship with the risk of CHD. Men who
expended >8400 kJ per week participating in vigorous activities had a 10% to 20% decreased
risk of CHD. Men who walked ≥5 km per week had a reduced the risk of CHD by 13 %
compared to those who did not.44 Similar to women, an increase in physical activity proved a
reduced rick for coronary related illnesses.
The International Physical Activity Questionnaire (IPAQ) was used in a study to evaluate
novel risk factors and their epidemiological effect on a CVD global risk in a cross-sectional
study (n=1,379). The increased CVD risk percentage was correlated with the degree of insulin
resistance; the first quartile at 2.71%, the second quartile at 2.73%, the third quartile at 3.48%,
and the fourth quartile at 4.52% which showed significant differences. Higher coronary risk was
correlated with higher BMI with 2.23% in normal weight subjects, 17% in overweight subjects,
and 3.88% in obese individuals. This trend was also observed for waist circumference. Males
with metabolic syndrome had greater risk at 5.66% than females at 4.61%. The coronary risk was
identified for each metabolic syndrome phenotypes; Sick Obese group (3.93%), Sick Thin
subjects (3.90%), and Sick Overweight subjects (3.55%). Rojas et al. concluded that these
cardiovascular risk factors influenced the coronary risk.45
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Health-Related Quality of Life and CVD
Health-Related Quality of Life-4 (HRQOL-4) is assessed using a 4 question long
questionnaire about general, physical, and mental health. Using the 2003 BRFSS data, adults 18
years and older were evaluated on CVD risk factors including diabetes, hypertension, high
cholesterol, obesity, and current smoking status. Li et al. discovered that the percentage of
having one of the following: having poor or fair health, 14 or more physically unhealthy days, 14
or more mentally unhealthy days, or 14 or more days of impaired activity, increased along with
CVD risk factors for both genders (p < 0.0001) and all three racial/ethnic groups (p < 0.0001).
Also the more CVD risk factors present the more likely an individual was to report having poor
or fair health (p <0.0001).46 If an individual already had CVD, they were two- to four times more
likely to report lower HRQOL than individuals without CVD. This would conclude that HRQOL
deteriorates with CVD and CVD risk factors.
Another study used a 12-month intervention with a health trainer to examine the change
CVD risk on HRQOL. Gidlow et al. recruited adults who currently had at least one CVD risk
were referred to a health trainer (n=994). CVD risk was measured using the Framingham 10-year
CVD risk score. It was observed that after the 12-month intervention, there were improvements
in CVD risk categories, but there were only small changes seen in clinical measures. Significant
reductions in CVD risk were seen in individuals who were high risk at baseline (≥ 20%).
HRQOL increased from baseline to 12 months in the total sample. There was also positive
correlations with the number of times the participant contacted the health trainer and (p< .001)
and the individual’s attendance at physical activity facilities (p= .004).47 HRQOL is improved by
the absence of CVD risk. When healthy lifestyle components are chosen, HRQOL is enhanced.
Middle-Aged Adults and CVD
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Demographic shifts in the proportion of older adults will burdenthe healthcare system.
Currently, two out of every three adults that are 65 years or older, have multiple chronic
diseases.48 The treatment for these adults comprises 66% of the overall healthcare budget.48 The
cost of health care for an older adult, that encompasses a significant portion of the population in
the near future, costs three to five times the amount it will cost for a younger patient due to the
necessary treatment of chronic diseases.48 Therefore, if earlier interventions in mid-life adults
can prevent chronic diseases in older adults every effort should be made to accomplish this.
CVD risk factors need to be observed in middle-aged population to see if there is an
association to increase in mortality from CVD. Stamler et al. evaluated large cohorts from two
prospective studies, the Multiple Risk Factor Intervention Trial (MRFIT) and the Chicago Heart
Association Detection Project in Industry (CHA) to identify low risk individuals who had serum
cholesterol level less than 5.17 mmol/L (<200 mg/dL), SBP/DBP of 120/80 mm Hg or lower, a
non-smoker, no history of diabetes or myocardial infarction, and for the 3 CHA cohorts no ECG
abnormalities (n=366,559). Middle-aged men had a lower percentage, 6.0% (MRFIT) and 4.8%
(CHA), meet the low risk criteria than young adult men, 9.9% (MRFIT) and 9.4% (CHA). More
middle-aged women had met the low risk category, 6.8% (CHA) compared to men their age.
Middle-aged sub-cohorts had a CHD mortality rate from 77% to 79% compared to young adult
men sub-cohorts from 86% to 92%. The middle-aged sub-cohorts at low risk had lower stroke,
from 52% to 76%, and cancer mortalities, from 44% to 56% than those not in the low risk
category. The middle-aged women low-risk subcohort was 17% lower for cancer mortality than
those not considered low risk. The estimated greater life expectancy for these low-risk
subcohorts compared with others was 5. 9 for the MRFIT men aged 40-57 years old, 6.0 for the
CHA men aged 40- 59 years old, and 5.8 for the CHA women aged 40-59 years old.49
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Preventive measures are needed to reduce the incidence of these risk factors by lower cholesterol
and blood pressure and refrain from smoking in the younger generations.
The baby boomer generation refers to the increase in birth rates between 1946 and 1964.
King et al. used NHANES survey data to compare 46-64 year olds in the previous generation
(1988-1994) with the baby boomer generation (2007-2010). The purpose being to investigate if
one generation was in poorer health than the other. There was a significant difference in
excellent health status between baby boomers (13.2%) and the previous generation (32%).50 This
present cohort also required more assistance when walking, more limited in work, and had
functional limitations. Baby boomers had higher rates of obesity (38.7%) compared to the
previous generation (29.4%). They were also less physically active and had a higher percentage
of moderate drinking than middle-aged adults in the previous generation. The baby boomer
generation had increased rates when it came to certain health conditions such as hypertension,
hypercholesterolemia, and diabetes.50 This displays that the baby boomer age group are in worse
heath compared to previous generation.
With the growing number of older adults, there is a concern of how healthcare will be
able to support this group. In a longitudinal cohort study, associations were examined between
diet quality and BMI and the health care resource utilization. In rural older adults, Ford et al.
found that there was an increased emergency room visits among participants reporting a poor
quality diet (n=2,995). Although there were no associations found between BMI and the health
care resource utilization, there was an increase in emergency room visits among individuals in
obesity classes II and III.51 A preventative measure, for example education on eating healthier, is

needed to reduce emergency room visits thereby lessening the burden on the health care system.
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The diets of middle-aged adults are shown to be lacking the appropriate nutrients to
achieve optimal health. Not only is healthy eating beneficial for individual health but higher
vegetable and fruit consumption are associated with decreased Medicare charges over various
years of follow up in middle-aged men.52 Thus, diets need to be examined further to determine an
appropriate intervention that could yield success.
West Virginia
In a state where the prevalence of conditions related to CVD are higher than the national
average, Marion and Harrison counties are about the middle of the spectrum in regards to CVD
and CVD risk factors when examining all 55 counties in WV. When investigating obesity,
Harrison County ranks 37th with 32.6% and Marion County ranks 49th with 29.7%.53 As for
hypertension, Harrison County ranks 41 with 34.4% and Marion County ranks 48th with 32.3%.53
When examining CVD, Harrison County ranks 26th with 13.3% and Marion County ranks 37th
with 12%.53 The medium income in these counties is slightly higher than WV as a whole. West
Virginia has a medium household income is $39,440 while Harrison County has a medium
income of $40,556 and Marion County has a medium income of $39,870.54,55 Clarksburg,
located in Harrison County, and Fairmont, located in Marion County, are considered
Micropolitan Statistical Areas. This means that they have an urban core with at least 10,000 to
50,000 people.56,57 Rural counties in WV ranked lower in these categories or have either higher
or lower medium income could affect diet quality and CVD risk differently than the counties
observed here.
When comparing WV and the US, it appears that WV falls short of the national averages
in many lifestyle factors that are associated with CVD. For example, nutrition and physical
activity are lifestyle choices that influence CVD and that need improvement in WV. Compared
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to the US average, WV consumed fewer than one fruit per day (47.2% vs. 37.7%) as well as
fewer than one vegetable per day (26.2% vs. 22.6% ).58 In addition, WV had less adults meeting
the aerobic guideline of at least 150 minutes of aerobic activity per week, (43% vs 51.6 %) and a
higher percentage not participating in leisure-time physical activity (35.1% vs 25.4%) compared
to the national average.59 Smoking status is another concern; the national median for current
smokers, 21.2%, is lower than WV, 28.6%.60
Conclusion
With the population aging and the prevalence of CVD on the rise, the importance of
preventative care becomes essential. In a country where healthcare is geared toward treating
patients with diseases opposed to a preventative care model, we are now experiencing the
repercussions. The decline in the health of middle-aged adults is not only due to the advancement
of age, but it is also due to the present population’s deterioration of health. Middle-aged adults
are a crucial age group to target. They not only can change their own behaviors, but they also
possess influence over the younger generation. Identifying the barriers in healthy living and
creating an environment for middle-aged adults to be health conscious are the first steps to
improving the problems that are becoming inevitable for the healthcare system due to aging. Diet
plays a significant part in improving health, whether this is managing existing CVD or
preventing new cases. It has become critical to examine the difficulties in a population’s diet to
help alleviate this problem.
Although some research exists concerning the limitations middle-aged Americans face in
terms of diet and consequently health, there is a lack of research in diets of high risk groups, such
as the West Virginia. With the distinctive foods and traditions native to West Virginia, generic
slogans and messages that are advertised nationally will not be effective. The dietary advice
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needs to be uniquely tailored to this specific region. With West Virginia ranking so high in the
key risk factors of CVD as mentioned above, it is important to discover the reasons. Recognizing
the major problems in WV that are contributing to CVD is the first step in discovering a solution.
Future research in West Virginian’s diets and behaviors can help implement a successful
intervention to reduce CVD. On a national level, an association between a diet quality and CVD
risk would reaffirm the importance of diet and support the current AHA guidelines.
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CHAPTER 3: METHODS
Study Design
This was a cross sectional study to assess diet quality and CVD risk among middle-aged
adults in an Appalachian population. The study consisted of three components: a 3-day diet
assessment, a survey and an in-person data collection session in which anthropometric data,
blood pressure and blood for clinical chemical analysis were collected. The survey consisted of
demographic questions and validated surveys to assess physical activity, sleep, health-related
quality of life, and CVD risk. Participants had the option of taking an online version of the
survey or to complete a paper version at the in-person visit. The online version was administered
using REDCap (Research Electronic Data Capture) survey software.61 In-person sessions were
held on six Saturdays between October 2015 and January 2016 at a senior citizens center.
Participants received a $100 gift card upon completion of the study. The study was approved by
West Virginia University’s Institutional Review Board.
Participants
Participants were recruited from the community by word-of-mouth and community
advertising. Additionally, people who participated in previous studies and indicated they would
like to be contacted for future studies were invited to participate. To be eligible, participants had
to be 45-64 years old, non-smokers, and live in one of the selected two counties in North Central
West Virginia. These counties were selected because they represent population areas where
prevalence rates of general health, health care coverage, leisure-time physical activity, fruit and
vegetable intake, obesity and diabetes are not statistically different than the state average.53
Participants were excluded based on the following criteria: if they self-reported having a
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pacemaker or defibrillator, having a diagnosis of cancer or kidney, heart or liver disease, had
surgery the previous 6 months, taking anti-inflammatory or anti-coagulant medications, had a
major change in diet or appetite in the previous 3 months, abused alcohol or other substances or
did not have a telephone.
Demographics
A questionnaire was developed to assess demographic questions such as age, sex,
income, education level, alcohol and tobacco use; medication use, and health conditions.
Demographic questions were adapted from the CDC’s validated BRFSS survey questions.62
Anthropometry and Body Composition
Height, weight, waist and hip circumference, and bioelectrical impedance analysis were
measured at the in-person visit. All measurements were recorded in duplicate and the average
was used for analysis. Height (cm) was measured using the Seca 274 digital mobile stadiometer
(Seca, Hamburg, Germany). Weight (kg) and percent body fat was measured using the Seca
medical Bioelectrical Composition Analyzer (mBCA) 514 (Seca, Hamburg, Germany).
Participants were weighed to the nearest 0.01 kg wearing light clothing with empty pockets and
without shoes. Waist and hip circumferences were measured by the same researcher using a
spring-loaded, fiberglass, non-stretchable tape measure (Gulick II Tape Measure, Model 67019;
Country Technology, Inc.). Waist circumference (cm) was taken at the iliac crest.63 Hip
circumference (cm) was measured at the point of maximum protuberance of the buttocks.63
Waist-hip ratio was calculated as waist circumference/hip circumference. BMI was calculated
body mass index (BMI) as weight (kg)/height (m2).64 BMIs of 18.5-24.9 kg/m2 were classified as
normal, 25.0-29.9 kg/m2 as overweight, and 30.0-39.9 kg/m2 as obese.65
Diet Quality
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Three 24-hour telephonic dietary recalls were collected by two University of Minnesota
trained researchers using the automated four-stage-multiple-pass approach and the Nutrition Data
System for Research (NDSR) version 2015 (NDSR version 2012, Nutrition Coordinating Center,
University of Minnesota, MN). Recalls were conducted on non-consecutive days within two to
three weeks of each participant’s in-person data collection session and included one weekend
and two weekdays. Diet quality was measured using the HEI-2010. A total score ranging from
0-100 (higher scores indicating greater adherence to the 2010 Dietary Guidelines for Americans)
and component scores were determined for each participant based on the average of the three
days of intake.
The NDSR output files were transformed into categories and units consistent with the 12
HEI-2010 component constituents (total fruit, whole fruit, vegetables, greens and beans, total
grains, refined grains, dairy, total protein foods, seafood and plant proteins, fatty acids, sodium
and empty calories).66 The HEI-2010 is a density based metric; thus, ratios were determined
based on 1,000 calories for each component constituent except fatty acids and empty calories for
each of the three days. The mean of the ratios for each of the three day of food intake was
calculated and used for analysis. Means ratios for each component were assigned a score. Intakes
between the minimum and maximum standards were scored proportionately for each category.
Scores for categories were summed to obtain a total score of 0 of 100. Scores for each category
and total scores were used in the analysis.67
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Table 1.
Healthy Eating Index-2010 scoring system used to evaluate diet quality.
Component

Maximum Standard for maximum score
score
Adequacy (higher score indicates higher consumption)
Total fruit
5
≥ 0.8 cup equiv. / 1,000 kcal

Standard for minimum
score of zero

Whole fruit

5

≥ 0.4 cup equiv. / 1,000 kcal

No whole fruit

Total vegetables

5

≥ 1.1 cup equiv. / 1,000 kcal

No vegetables

Greens and beans

5

≥ 0.2 cup equiv. / 1,000 kcal

Whole grains

10

≥ 1.5 ounce equiv. / 1,000 kcal

No dark green
vegetables, beans, or
peas
No whole grains

Diary

10

≥ 1.3 ounce equiv. / 1,000 kcal

No diary

Total protein foods

5

≥ 2.5 ounce equiv.
/ 1,000 kcal
Seafood and plant
5
≥ 0.8 ounce equiv.
proteins
/ 1,000 kcal
Fatty acids
10
(PUFAsa +MUFAsb)
/ SFAsc > 2.5
Moderation (higher score indicates lower consumption)
Refined grains
10
≤ 1.8 ounce equiv.
/ 1,000 kcal
Sodium
10
≤ 1.1 gram /
1,000 kcal
Empty calories
20
≤ 19% of energy

No fruit

No protein foods
No seafood and plant
proteins
(PUFAs +MUFAs)
/ SFAs < 1.2
≥ 4.3 ounce equiv.
/ 1,000 kcal
≥ 2.0 grams /
1,000 kcal
≥ 50% of energy

Adapted from
http://www.cnpp.usda.gov/sites/default/files/healthy_eating_index/CNPPFactSheetNo2.pdf
a
PUFAs= polyunsaturated fatty acids
b
MUFAs= monounsaturated fatty acids
c
SFAs=saturated fatty acids
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10-Year and Lifetime Risk of CVD
Each participants’ risk of having a first heart attack or stroke in the next 10-years was
estimated using the AHA/ACC risk prediction algorithm.21 All participants were between 45 and
64 years of age and self-reported that they did not have existing heart disease, thus it was
assumed they had not previously had a heart attack or stroke. In addition, lifetime risk of CVD
(the absolute risk percentage compared to a representative population sample) was calculated for
45 to 59 year old participants whose 10-year risk scores were <7.5% (low risk). (See Table 2)
Risk scores were calculated based on nine variables: age, sex, race, total cholesterol, HDL
cholesterol, systolic blood pressure, hypertensive medication use, diabetes status, and smoking
status.21 Data for age, sex, race, diabetes status and smoking status were self-reported as part of
the demographic survey. Blood pressure was measured at the in-person session using the Omron
HEM-907XL Intellisense® Automatic Oscillatory Digital Blood Pressure automatic inflation
sphygmomanometer (Omron Health Care, Lake Forest, IL).68 The multiple blood pressure
measurements were taken by a single researcher. Arm circumference was measured to the
nearest 0.1 cm. The measure was used to determine cuff size based on the manufacturer’s
recommendations. After an initial rest of 5 minutes and using standardized assessment measures,
the machine was set to take three blood pressure measurements at 30-second intervals. 69 The
average reading was used for analysis.
A fasting venous blood draw was performed by a trained phlebotomist at the in-person
session. The phlebotomist transported the blood to WVU Hospital laboratory where total and
HDL cholesterol were analyzed the same day.
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Table 2.
The variables needed for calculating the 10-Year and Lifetime Risk and how they were obtained.
Measure
Age
Gender
Race and ethnicity
Smoking

Study
Component
Survey
Demographics
Survey
Demographics
Survey
Demographics
Survey
Life’s Simple 7

Treatment for high
blood pressure

Survey
Demographics

Presence of diabetes

Survey
Life’s Simple 7
In-person
session
In-person
session
In-person
session

Total cholesterol
HDL cholesterol
Systolic blood
pressure

How the measure was obtained
What is your age in years?
What is your sex?
Which one or more of the following would you
say is your race?
Do you smoke?
Include cigarettes, pipes, and cigars (smoked
tobacco in any form)
Are you taking medication for any of the
following conditions?
• Heartburn or GERD
• High Blood Pressure
• High blood cholesterol
• High blood triglycerides
• High blood sugar (diabetes or pre-diabetes)
• Weight loss
Do you have diabetes?
(Either type 1 or type 2.)
Blood draw
Blood draw
Blood pressure measure

Life’s Simple 7
Cardiovascular health was determined by calculating each participant’s score from the
Life’s Simple 7 algorithm.3 The 11 questions that make up the validated Life’s Simple 7 survey
were included as part of the study questionnaire.3 Additionally, measures from the in-person
session were used to assess CVD health based on 7 components: blood pressure, cholesterol,
blood sugar, physical activity, diet, weight (BMI), and smoking status. Each variable was
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assigned a score from 0-2 and scores from individual variables are summed to achieve a total
score ranging from 0-14. Total scores were then categorized into a health risk group: inadequate
(0-4), average (5-9), optimum (10-14).
Physical Activity, Sleep and Health-Related Quality of Life
Physical activity was measured using the 7-question IPAQ-short form which measures
activity over the past 7 days.70 The responses were given a continuous score which is presented
as median minutes. Scores were categorized as either Health Enhancing Physical Activity
(HEPA), minimally active, or inactive. These categories were based on the following criteria:
individuals in the HEPA category participated in vigorous-intensity activity and achieved a ≥
1500 multiples of the resting metabolic rate (MET) minutes/week on at least 3 days per week or
did any combination of walking, moderate-intensity or vigorous intensity activities and achieved
a minimum of at least 3000 MET-minutes/week on 7 or more days; individuals in the minimally
active category participated in 20 minutes of vigorous activity on 3 or more days per week, 30
minutes of moderate-intensity on 5 or more days per week, or achieved a minimum of at least
600 MET-min/week of any combination of walking, moderate-intensity or vigorous intensity
activities on 5 or more days per week; and individuals in the inactive category did not fall into
the previous two categories.70
Sleep quality was determined using the validated 19-question Pittsburgh Sleep Quality
Index (PSQI). Each variable was scored and a global PSQI score (0-21) was determined.71 A
global score of 5 or lower indicates a good sleep quality and a score of 6 or higher indicates poor
quality of sleep.
Health-related quality of life was assessed using the validated CDC’s HRQOL-4
“Healthy Days Measure”. Each question was given a score of 0 or 1. The 4 questions were then

32

summed to give a total score ranging from 0-4 (higher scores indicting, 4 being the worst
HRQOL.72–76
Data Analysis
All analyses were conducted using JMP version 11 (SAS Institute Inc., Cary, NC).77
Descriptive statistics were used for to test for mean differences in demographic characteristics
between sexes. Differences in demographic and survey scores were identified using Chi-square
for categorical variables and t-tests for continuous variables. If continuous variables were not
normally distributed, they were transformed by taking the log of the variable. Simple linear
regressions were used to examine the relationships between variables including anthropometrics,
HEI-2010 total scores, HEI-2010 component scores, LS7 scores, 10-year risk percentages, and
lifetime risk percentages. One-way ANOVA analysis was used to find significance using the
demographic variables. Multiple regression analysis was used to identify the relationship
between diet quality and the CVD risk adjusting for confounding variables.
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CHAPTER 4: RESULTS
Participants
Of the 96 participants, 41 (42.7%) were male and 55 (57.3%) were female and were on
average 54.3±4.6 years old. Table 3 and 4 shows participant and lifestyle characteristics. Overall,
participants were predominately white (97%), college educated (57%) and had annual household
incomes of 75,000 or more (46%). The mean BMI was 30.9 ± 7.2 with 23% of participants were
categorized as normal weight, 26% were overweight and 51% were obese. Most participants
(30.2%) were minimally active as evidenced by scores (2723.7 ± 2927.6). Most (53.1%) had
poor sleep quality with a mean on the PSQI score of 5.7 ± 3.4. Waist circumference was
significantly different between men (108.7 cm) and women (99.4 cm), but there was no
significant difference between obesity rates between men and women.
Diet Quality
The average HEI-2010 score for this population was 55.5 ± 14.2. Table 5 shows HEI total
and component scores by sex. The HEI-2010 total mean score was higher for women than men
(58.4 ± 14.1 vs 51.5 ± 13.5; P=0.0172). Women had significantly higher scores in total fruit (2.1
vs 1.2; P=0.0051), whole fruit (2.9 vs 1.8; P=0.0056), and sodium (4.0 vs 2.6; P=0.0439) than
men. Diet quality scores increased with age (See Figure 1). Using One-way ANOVA, higher
income was related to a healthier diet in women, but not men (P= 0.0408 and P=0.8904). Waist
circumference and BMI were not related to HEI-2010 scores.
Total fruit (p=0.04; r2=0.05) and whole fruit (p=0.02; r2=0.06) were the only HEI-2010
categories shown to have a significant correlation with cardiovascular health as measure by LS7.
Total protein was the only HEI score significantly correlated to the 10-year risk percentage LS7
(p=0.009). No relationship was found between diet quality and the indicators of CVD after
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adjusting for physical activity, sleep, and health-related quality of life.
CVD Risk
LS7 scores were higher in women when compared to men (9.2 vs 8.5) however, the
difference was not significant. None of the participant LS7 scores met the “inadequate” category;
57.3% were categorized as “average” and 35.4% as “optimum”. The individual components of
Life’s Simple 7 and the amount of participants who scored in each category can be found in
Table 6.
10-Year Risk
Men had higher 10-year risk percentage than women (6.6 ± 3.8 vs 2.3 ± 2.4; P<0.0001),
yet both of these means were <7.5 which indicates low risk. The same trend was observed for the
lifetime risk. Men had a mean risk score of 43.7 and women had a mean risk score of 34.1. LS7
was shown to be significantly correlated to diet quality scores, yet the 10-year risk score and the
lifetime risk score was not (Figure 3). However, there was a significant negative linear
correlation between the LS7 and the 10-year risk score; 10-year risk percentage gets lower and
the LS7 score improves (Figure 4). Higher waist circumference and waist-to-hip ratios were
correlated to higher 10-risk percentages and lower LS7 scores. BMI was related to the 10-year
risk percentage, showing that a higher BMI increases an individual’s risk for CVD. Those with a
high relative fat mass had lower LS7 scores. Better sleep quality and better health-related quality
of life, other modifiable lifestyle factors, were related to higher LS7 scores.
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CHAPTER 5: DISCUSSION
The purpose of this study was to characterize the diet quality and cardiovascular risk in a
middle-aged Appalachian population. This study found that diet quality was not related to LS7 or
the 10-year risk percentage after adjusting for confounding factors. LS7 scores were related to
diet independently, however diet is a component when calculating the score. This is not the case
for the 10-year risk percentage. The incorporation of diet quality has been found to make CVD
prediction more accurate.78 One study found that improving diet quality by 11% to 22% can
lower CVD risk by 7%-8% compared to individuals who make no change to their diet quality.29
A similar study found that men and women had a 12% to 28% decreased risk of all-cause, CVD,
and cancer mortality when comparing those receiving high scores in diet quality to those
receiving low scores.30 These findings, similar to the previous study, support that diet quality
influences CVD risk. This could be why there was no association found between diet quality and
the 10-year risk percentage.
The accuracy of 10-year risk percentage calculator has been questioned.22,23 In one study,
it was found that those with ASCVD risk score ranging from 7.5% to 10% had an actual event
rate of 3% for men and 5.1% for women.22 Another study investigating the cause of this
inconsistency found that the average event rate predicted was 3.6% whereas the actual event rate
was 2.2%. High risk individuals, ≥ 7.5%, had predicted rates 40% higher than actual event rates
while low risk individuals, < 7.5%, were given predicted rates 90% higher than actual event
rates.23 The absence of modifiable behaviors such as diet and physical activity when calculating
the 10-year risk percentage could also be related to the lack of precision.
Several reasons could potentially explain the lack of associations seen in this study. First,
this was a convenience sample and may not represent the target area as a whole. Those who
responded may have had an interest in health and nutrition. The study may have been
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underpowered resulting in a decrease in the capability to identify differences. Also, all measures
of health and diet were self-reported. There is potential for bias in self-reporting particularly of
diet; for example, people tend to under-estimate their energy intake.79
Our study, similar to others in literature, found that WC and WHR were seen to be
associated with worse cardiovascular health and higher CVD risk. Visceral abdominal adipose
tissue and subcutaneous abdominal adipose tissue have been shown to be correlated with
metabolic syndrome risk factors. If waist circumference exceeds 102 cm for men and 88 cm for
women, an individual is at an increased risk for obesity-related conditions.80 A study conducted
across 63 countries reported that there was a strong association between WC and CVD.81
Previous studies reported that overall women had better diet quality than men.34,35 The
low consumption of fruits observed could be a factor contributing to the increased CVD risk in
WV. A study examining two prospective cohorts saw that increased fruit and vegetable
consumption was inversely correlated to CVD (P=0.0003).27 This relationship to CVD could be
due to the association between the consumption of fruits and vegetables and lower serum
cholesterol.28 Multiple studies have found that an increase intake of sodium can contribute in the
increased incidences in CVD.82,83 One study found that increased sodium intake, >2300 mg/d,
was connected to higher CVD risk.84 This association is present between sodium and CVD
because sodium intake has been shown to increase blood pressure which is a known risk factor
for CVD.85,86
When comparing average HEI-2010 component scores between this WV population and
the U.S., WV scored lower in total fruit, whole fruit, greens and beans, dairy, total protein,
seafood and plant proteins, refined grains, and sodium. However, WV scored higher in total
vegetables, whole grains, fatty acids, and empty calories. These contributed to WV having a
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worse total average than the U.S. (55.5 vs 59.0).33 The HEI-2010 scores could be lower in other
areas of WV considering the demographics in the counties observed here compared to other
counties. Research in the Lower Mississippi Delta region, another high risk population, found
that factors such as race and income seem to have less of an effect on dietary choices compared
to age.32 Similar to this study, older adults had a better diet quality when compared to younger
ages.32,34,35 In a study examining at the effect of sociodemographic characteristics on diet, adults
in the highest income and education group had enhanced diet quality compared to those in the
lowest.34
Our study further supports the consistent literature base that women have preferential
CVD risk factors when compared to males. It was observed in this study that women had better
CVD measures than men. This was also observed in a study comparing CVD risk in the different
states in the U.S. using LS7. Using this data, women performed better than men in every
category.19 Women having better results concerning cardiovascular health is concurrent with this
study. In a study studying CVD risk factors and mortality from CVD in a middle-aged
population, middle-aged men had a lower percentage meet the low risk criteria than middle-aged
women and young adult men.49
More middle-aged adults in 2011-2013 reported having poor or fair health compared to
middle aged adults in 1997-1999.87 With higher rates of obesity and increased rates of health
conditions such as hypertension, hypercholesterolemia, and diabetes, middle-aged adults need to
make lifestyle changes to improve health.50 The increase in these health conditions for middleaged adults will later influence the healthcare system. Considering two out of every three adults
that are 65 years or older have multiple chronic diseases and that treatment consists of 66% of
the overall healthcare budget, the situation will inevitably get worse.48 Since WV has a high
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percentage of middle-aged adults, interventions with middle-aged adults may be the optimal
strategy to reduce risk of chronic disease before this subgroup enters older adulthood.14,15 This
would improve public health and reduce healthcare expenditures.
Strengths and limitations
Due to the fact that both CVD score methods included smoking status to calculate the
total score and this study only included non-smokers, mean scores were inevitably lower than
populations including smokers. Considering the sample in this study had predominately white,
high income, and well-educated individuals, the results can’t be representative of all of West
Virginia. Future studies should research CVD and diet quality on diverse and a larger population
in West Virginia.
To our knowledge, there is not another study that compares the relationship between diet
quality and new 10-year risk measure. Another strength in this study is the quality of the diet
assessment method. Multiple 24-hour recalls collected using the multi-pass method is considered
the gold- standard in dietary intake assessment methodology. Diet recalls are commonly used to
supply useful dietary information about a population. Multiple diet recalls on weekdays in
addition to weekends is ideal when analyzing the diet of a population to form a picture of the
usual average intake of a person. Also, the interviewers utilized the USDA’s automated multiplepass method which has been shown to be valid when analyzing a population.76 Additionally, the
diet quality measure used, the HEI-2010, is a systematic metric of diet quality shown to be
related to multiple health comes.
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CHAPTER 5: CONCLUSION
The poor health associated with middle-aged adults needs to be better addressed in health
disparate areas such as WV. Diet quality is a modifiable factor that can prevent and manage
chronic diseases, such as CVD. Interventions designed to address the specific dietary shortfalls
and excess of this target population are needed. Men were found to have poorer diets and higher
CVD risk scores than women, thus an intervention focused on increasing fruits and vegetables
and decreasing foods high in sodium in this gender group could be a first step to increasing diet
quality and improving health in this population.
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Table 3. Demographics and anthropometry in a sample of West Virginians residing
in Harrison and Marion counties aged 45-64 years old.
All
(n=96)
Age, y
Height, cm
Weight, lbs
Body Mass Index, kg/m2
Waist Circumference, cm
Waist-to-Hip Ratio, cm
Relative Fat Mass

54.3
169.5
196.2
30.9
103.4
0.9
38.4

±
±
±
±
±
±
±

Men
Women
(n=41)
(n=55)
mean ± standard deviation
4.6
54.2 ± 4.6
54.4 ± 4.7
9.5
178.1 ± 5.7
6.1 ± 163.1*
51.0
221.3 ± 49.2
177.5 ± 44.2*
7.2
31.7 ± 7.8
30.2 ± 7.3
16.4
108.7 ± 14.7
99.4 ± 16.6*
0.1
0.9 ± 0.07
0.9 ± 0.06*
8.8
32.4 ± 6.8
42.9 ± 7.4*
n (%)

Ethnicity
Hispanic
1 (1.0%)
Non-Hispanic
95(99.0)
Race
White only
91 (97.0%)
Black only
3 (3.0%)
More than one race
2 (2.0%)
Income
10 (10.5%)
<20,000-34,999
35,000- 49,999
12 (13.0%)
50,000-74,999
20 (21.0%)
75,000 or more
44 (46.0%)
I’d rather not say
10 (10.4%)
Education
Grade 9 through 11
1 (1.0%)
Grade 12 or GED
16 (17.0%)
College 1 year to 3 years
24 (25.0%)
College 4 years or more
55 (57.0%)
Body Mass index*
Normal Weight
22 (23.0%)
Overweight
25 (26.0%)
Obese
49 (51.0%)
Weight-related Health Conditions
High Cholesterol
46 (50.0%)
Hypertension
33 (36.0%)
26 (30.0%)
High Triglycerides
Sleep Apnea
13 (14.0%)
Pre-diabetes
8 (9.0%)
Diabetes
6 (7.0%)
*Significance at p<0.05

1 (2.4%)
40(97.6%)

0 (0.0%)
55(100.0%)

36 (95.1%)
2 (4.9%)
1 (2.4%)

52 (98.2%)
1 (1.8%)
1 (1.8%)

2 (5.0%)
6 (15.0%)
8 (20.0%)
21 (52.5%)
4 (4.2%)

8 (14.5%)
6 (10.9%)
12 (21.8%)
23 (41.8%)
6 (6.3%)

1 (2.44%)
10 (24.4%)
8 (19.5%)
22 (53.7%)

0 (0%)
6 (10.9%)
16 (29.1%)
33 (60.0%)

4 (9.8%)
14 (34.2%)
23 (56.1%)

18 (32.7%)
11 (20.0%)
26 (47.3%)

19 (51.4%)
12 (32.4%)
13 (37.1%)
8 (21.1%)
3 (8.6%)
3 (7.9%)

27 (49.1%)
21 (38.2%)
13 (24.5%)
5 (9.4%)
5 (9.3%)
3 (5.7%)
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Table 4. Lifestyle characteristics in 96 of West Virginians residing in Harrison and Marion
counties aged 45-64 years old.
All
Men
Women
(n=96)
(n=41)
(n=55)
mean ± standard deviation
Healthy Eating Index-2010 a.
Physical activity (IPAQ)

55.5 ± 14.2

51.5 ± 13.5

2723.7 ± 2927.6 3376.0 ± 3520.6

58.4 ± 14.1*
2208.7 ± 2277.7

Sleep quality (PSQI)

5.7 ± 3.4

5.9 ± 3.6

5.5 ± 3.4

Life’s Simple 7 b.

8.9 ± 2.0

8.5 ± 1.8

9.2 ± 2.1

10-Year Risk, % c.

4.2 ± 3.7

6.6 ± 3.8

2.3 ± 2.4*

Lifetime Risk, % d.

38.2 ± 12.9

43.7 ± 12.5

34.1 ± 11.7*

0.2 ± 0.6

0.3 ± 0.7

0.1 ± 0.4

Health-Related Quality of
Life-4

n (%)
Life’s Simple 7*
Inadequate
Average
Optimum
Did not respond
IPAQ
HEPA
Minimally active
Inactive
Did not respond
PSQI
Good sleep quality
Poor sleep quality
Did not respond

0 (0.0%)
55 (57.3%)
34 (35.4%)
7 (7.3%)

0 (0.0%)
28 (68.3%)
9 (22.0%)
4 (4.2%)

0 (0.0%)
27 (49.1%)
25 (45.5%)
3 (5.5%)

21 (21.9%)
29 (30.2%)
18 (18.8%)
28 (29.2%)

12 (29.3%)
10 (24.4%)
8 (19.5%)
11 (26.8%)

9 (16.4%)
19 (34.5%)
10 (18.2%)
17 (30.9%)

51 (53.1%)
41 (42.7%)
4 (4.2%)

18 (43.9%)
21 (51.2%)
2 (4.9%)

33 (60.0%)
20 (36.4%)
2 (3.6%)

*Significance at p<0.05
a.
Scores were calculated by averaging and summing each food category and the energy
from each participant’s three diet recalls, then dividing the total food category by total
energy to achieve ratios. These are converted to component scores which are summed to
result in a total score.
b.
Scores were calculated by scoring blood pressure, cholesterol, blood sugar, physical
activity, diet, weight (BMI), and smoking status scoring independently then summing for
a total score.
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c.

d.

Scores were calculated from the American Heart Association and the American College
of Cardiology risk prediction algorithm from age, sex, race, total cholesterol, HDL
cholesterol, systolic blood pressure, hypertensive medication use, diabetes status, and
smoking status.
Scores were calculated for 45 to 59 year old participants whose 10-year risk scores were
<7.5%.
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Table 5. Healthy Eating Index-2010 scores of 96 participants
Healthy Eating Index2010 Component

Max
score

All
(n=96)

Male
(n=41)

Female
(n=55)

US 20112012a.

Total fruit

5

1.7 (0.2)

mean (standard error)
1.2 (0.2) 2.1 (0.2) *

Whole fruit

5

2.4 (0.2)

1.8 (0.3)

2.9 (0.3) *

4.0 (0.2)

Total vegetables

5

3.8 (0.1)

3.8 (0.2)

3.8 (0.2)

3.4 (0.1)

Greens and beans
Whole grains
Dairy

5
10
10

2.1 (0.2)
4.2 (0.3)
5.7 (0.3)

1.7 (0.3)
4.1 (0.5)
5.6 (0.4)

2.4 (0.3)
4.2 (0.5)
5.8 (0.4)

3.0 (0.1)
2.9 (0.1)
6.4 (0.1)

Total protein foods

5

4.6 (0.1)

4.7 (0.1)

4.5 (0.2)

5.0 (0.0)

3.0 (0.1)

Seafood and plant
proteins
Fatty acids

5

2.6 (0.2)

2.4 (0.3)

2.7 (0.3)

3.7 (0.2)

10

5.1 (0.3)

4.7 (0.5)

5.4 (3.0)

4.7 (0.1)

Refined grains

10

5.1 (0.4)

4.8 (0.6)

5.4 (0.5)

6.2 (0.2)

Sodium

10

3.4 (0.3)

2.6 (0.4)

4.0 (0.4) *

4.2 (0.1)

Empty calories

20

14.9 (0.5) 14.3 (0.7) 15.4 (0.6)

12.6 (0.2)

Total

100

55.5 (1.5) 51.5 (2.1) 58.4 (1.9) *

59.0 (0.9)

*Significance at p<0.05
a
Wilson MM, Reedy J, Krebs-Smith SM. American Diet Quality: Where It Is, Where It Is
Heading, and What It Could Be. J Acad Nutr Diet. 2016;116(2):302-310.e1.
doi:10.1016/j.jand.2015.09.020.
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Table 6. Life’s Simple 7 scores in a sample of West Virginians
residing in Harrison and Marion counties 45-64 years old.
Measure
Poor
Average
Ideal
n (%)
Blood Pressure
11 (11.0%) 44 (46.0%)
41 (43.0%)
Total Cholesterol 17 (18.0%) 53 (56.0%)
24 (26.0%)
Blood sugar
6 (6%)
30 (32.0%)
59 (62.0%)
Physical activity
6 (7%)
36 (40.0%)
49 (54.0%)
Diet
32 (33.0%) 54 (56.0%)
10 (10.0%)
BMI
49 (51.0%) 25 (26.0%)
22 (23.0%)
Smoking status
13 (14.0%) 13 (33%)
83 (86.0%)
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Table 7. Results from univariate analysis for associations with outcomes of diet
quality and cardiovascular health in 96 middle-aged adults.
Variable
HEI-2010 a.
10-Year Risk %
LS7b.
r2 value P value r2 value P value r2 value P value
Age
0.10
0.0018*
0.19
0.0001*
0.05
0.0356*
BMI c.
0.03
0.1121
0.11
0.0010*
0.11
0.0001*
d.
WC
0.03
0.0861
0.20
0.0001*
0.31
0.0001*
WHR e.
0.02
0.1304
0.29
0.0001*
0.18
0.0001*
Relative Fat Mass
0.01
0.2968
0.03
0.0907
0.07
0.0125*
PSQI f.
0.03
0.0811
0.008
0.4034
0.07
0.0140*
IPAQ g.
0.001
0.7821
0.01
0.3681
0.13
0.0030*
h.
HRQOL-4
0.03
0.1413
0.02
0.2675
0.09
0.0083*
HEI-2010
N/A
N/A
N/A
N/A
N/A
N/A
LS7
0.04
0.0511*
N/A
N/A
N/A
N/A
10-Year Risk %
0.002
0.7070
N/A
N/A
0.13
0.0004*
*Significance at p≤0.05
a
HEI-2010= Healthy Eating Index-2010
b.
LS7=Life’s Simple 7
c
BMI= Body Mass Index
d
WC= Waist Circumference
e
WHR= Waist-to-Hip Ratio
f
PSQI=Pittsburgh Sleep Quality Index
g
IPAQ=International Physical Activity Questionnaire
h
HRQOL-4=Health Related Quality of Life-4
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Table 8. Results from multivariate analyses for the outcomes of cardiovascular risk in
middle-aged adults (n=96) in two counties in West Virginia.
Outcome
variable

Predictor
variables

Estimate

Standard
error

10-Year Risk
a.

HEI-2010
HRQOL b.
IPAQ c.
PSQI d.

-0.002
0.560
0.156
-0.174

0.008
0.400
0.087
0.258

Life’s Simple 7
HEI-2010
0.012
0.018
HRQOL
-1.208
0.815
IPAQ
0.314
0.182
PSQI
-0.410
0.537
*Significance at p<0.05
a
HEI-2010=Healthy Eating Index-2010
b
HRQOL=Health Related Quality of Life
c
IPAQ=International Physical Activity Questionnaire
d
PSQI=Pittsburgh Sleep Quality Index

p-value

Adjusted RSquare

0.351
0.840
0.168
0.081
0.504
0.091
0.290
0.144
0.091
0.449

0.010

0.076
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Figure 1. The relationship between age and diet quality, measured by Healthy Eating Index2010.
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Figure 2. The relationship between annual income reported by females and Healthy Eating
Index-2010 scores.

57

Figure 3. The relationship between diet quality, measured by the Healthy Eating Index-2010 and
CVD health, measured by the Life’s Simple 7.
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Figure 4. The correlation between Life’s Simple 7 score and the 10-Year Risk score.

59

